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[57] ABSTRACT 
A technique is disclosed for making the high current» 
carrying electrical interconnections to the power FET 
devices in a synchronous recti?er circuit with ex 
tremely low lead resistance. All such interconnections 
are made with solder and pliable copper straps instead 
of by conventional wire bonds. 

12 Claims, 4 Drawing Sheets 
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LOW RESISTANCE ELECTRICAL 
INTERCONNECI'ION FOR SYNCHRONOUS 

RECI‘IFIERS 

BACKGROUND OF THE INVENTION 

The invention relates to synchronous recti?ers, and 
more particularly to improved low resistance electrical 
interconnections for such recti?ers. 
Synchronous recti?ers employing power ?eld effect 

transistors as the rectifying elements are commonly 
used in applications such as power supplies, wherein 
substantial levels of current are provided. An example 
of one such power supply is described in the paper “The 
Design of a High Ef?ciency, Low Voltage Power Sup 
ply Using MOSFET Synchronous Recti?cation and 
Current Mode Control,” by Richard Blanchard and 
Phillip E. Thibodeau, IEEE Power Electronics Spe 
cialist Conference, pages 355-361 (1985). 
As semiconductor manufacturers improve (decrease) 

the “resistance-drain-to-source on” (RDS ON) of 
power FETs, the method of interconnection of the 
devices in the hybrid circuits becomes of critical impor 
tance. With the present state of the art, some power 
FETs have RDS ON values which are as low as 10 
milliohms. Placing four devices in parallel reduces the 
effective RDS ON resistance of the circuit to 2.5 milli 
ohms. However, at this level of resistance, the intercon 
nection of the FET device to the package by conven 
tional wirebonding techniques and the package to exter 
nal circuits by conventional lead frame or pins intro 
duces approximately 10 to 15 milliohms of resistance. 
This relatively high interconnect resistance introduces 
unwanted voltage drops, which produce additional heat 
that must be removed to maintain reliability. Further, 
the ef?ciency of the recti?er is reduced by such un 
wanted interconnect resistance. For example, assuming 
a total circuit resistance (resistance due to the circuit 
package, components and interconnects) of 12.5 milli 
ohms, and a current level of 100 amperes, the circuit 
resistance leads to a voltage drop of 0.125 volts. Power 
lost in synchronous recti?cation is 12.5 watts. 
There is accordingly a need for a means of intercon 

necting the FETs in a synchronous recti?er to reduce 
the packaging resistance to improve the efficiency. 

It would further be desirable to provide a means of 
device interconnection in synchronous recti?ers which 
provides very low interconnect resistance. 

SUMMARY OF THE INVENTION 

A synchronous recti?er circuit device is disclosed 
with low resistance connections to the source and drain 
regions of the power transistors. A conductive substrate 
is soldered to the drain region of the power transistor, 
and the substrate is either soldered to the electrically 
conductive case in a “hot case” circuit or to a conduc 
tive layer bonded to a surface of the electrically non 
conductive case in an isolated case circuit. Conductive 
tabs are soldered to the source bump contacts of the 
power transistor die. At least one feedthrough source 
connector is passed through the case so that-a ?rst end 
is adjacent the power transistor and a second end is 
exterior to the case. The interconnection to the source is 
formed by soldering one end of a conductive strap to 
the conductive tabs and the other end of the strap to the 
?rst end of the feedthrough connector. External source 
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2 
connections to the circuit may be made by soldering a 
conductor to the second end of the connector. 
For a “hot case” synchronous recti?er circuit, the 

external drain connection may be made by soldering an 
external conductor to the conductive case. For an iso 
lated case circuit, a second feedthrough connector is 
passed through the case, so that a ?rst end is adjacent 
the conductive layer, and one end of a second conduc 
tive strap is soldered to the conductive layer, and the 
other end to the second feedthrough connector. The 
second end of the connector is located exterior to the 
case, and the external drain connection may be made by 
soldering an external conductor to the second end of the 
second connector. 

BRIEF DESCRIPTION. OF THE DRAWINGS 

These and other features and advantages of the pres 
ent invention will become more apparent from the fol 
lowing detailed description of exemplary embodiments 
thereof, as illustrated in the accompanying drawings, in 
which: 
FIG. 1 is a top plan view of a portion of a ?rst exem 

plary synchronous recti?er circuit employing the inven 
tion. 
FIG. 2 is a cross-sectional view taken along line 2-2 

of FIG. 1. 
FIG. 3 is a top plan view of a second exemplary 

embodiment of a synchronous recti?er embodying the 
invention. 
FIG. 4 is a cross-sectional view, taken along line 4—-4 

of FIG. 3. 
FIG. 5 is a cross-sectional view of the third exem 

plary embodiment of a synchronous recti?er embody 
ing the invention. 
FIG. 6 is a top plan view of a fourth exemplary em 

bodiment of a synchronous recti?er circuit employing a 
plurality of power FETs connected in parallel by an 
interconnect means in accordance with the invention. 

DETAILED DESCRIPTION 

The present invention achieves the power connec 
tions to the source and drain of the power FET devices 
of a synchronous recti?er by solder and copper straps 
instead of by conventional wire bonding. A ?rst exem 
plary embodiment of the invention is illustrated in 
FIGS. 1 and 2 with a “hot case” con?guration of the 
synchronous recti?er, showing a top view and a cross 
sectional view. As will be appreciated by those skilled 
in the art, electrical continuity is provided between the 
drain of the power FET device of the recti?er and the 
case of the recti?er in a “hot case” device. For the “hot 
case” con?guration, the case 10 is fabricated from a 
material having high electrical and thermal conductiv 
ity, such as copper. 
An exemplary power FET die 12 comprises a drain 

region 12A at the lower surface of the die which is 
secured by solder layer 13D to a surface of case 10. 
Thus, in this embodiment, the case 10 provides the 
electrical connection to the drain and enhances the 
thermal and electrical conductivity. 
A source region 123 of the FET die 12 is provided 

with at least one, and preferably three in this embodi 
ment, solderable bump contacts 12E. Die manufacturers 
typically provide source bump contacts’that extend two 
mils above the top surface of the die. To extend the two 
mil thickness of the bump contacts, gold-plated or gold 
clad molybdenum tabs 12F having an appropriate thick 
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ness of six mils are preferably soldered on the bump 
contacts 12E. 
Two glass-insulated feedthrough connectors 16 are 

passed through openings formed in the side of the case 
10 to comprise the circuit source connection to the FET 5 
die 12. The connectors 16 in this embodiment comprise 
a 40 mil diameter alloy or copper pin 16A supported 
within a glass insulator 16B. A gold-plated copper strap 
17 is soldered (with high temperature solder indicated 
generally by reference number 36) across each of the 10 
pins 16A outside of the case 10 to electrically connect 
each pin 16A. 
A gold~plated copper strap 14 is soldered at one end 

thereof to the pins 16A, and at the other end thereof to 
each of the tabs 12F (by solder connections indicated 15 
generally by reference numeral 35) to form a conduc 
tive path to the source region 12B of the FET die. In 
this embodiment, the strap 14 is 10 mils thick and 200 
mils wide. An external connection to the FET die may 
then be made by soldering a conductor to the strap 17. 20 
The thickness of the tabs 12F and bump contacts 12E 
serve to elevate the strap 14 above the upper surface of 
the FET die 12. 

In the past, source connections have been made to the 
FET die by conventional wirebonding to each of the 25 
source region contacts 12B. Thus, one strap 14 has 
replaced the three wire bonds. 
A compliant interconnect is required to form the 

electrical connections to the FET wafer to prevent the 
solder joints from separating during temperature cycle 30 
testing of the circuit. The thermal coefficient of expan 
sion of copper is sixteen (16) parts per million per de 
gree Centrigrade (ppm/°C.), compared to three (3) 
ppm/“C. for the silicon of the FET die 12; if the copper 
strap is too rigid, joint separation could occur. For the 35 
same reason, a soft solder such as indium-based solder 
should also be used to solder the strap 14 to the tabs 
12F. 
A wirebond connection may be employed to provide 

electrical connection to the gate region 126 of the FET 
die, since the gate connection carries only control sig 
nals, and not high current levels. A wire bond 20 pro 
vides electrical connection from the gate region 126 of 
the FET die, to a gate terminal feedthrough connector 
26. 45 

Referring now to FIGS. 3 and 4, an alternate embodi 
ment of the invention is disclosed for an “isolated case” 
synchronous recti?er circuit. As will be appreciated by 
those skilled in the art, for this embodiment the drain 
region of the FET device 12’ comprising the recti?er 5O 
circuit is isolated from the device case 10'. In the em 
bodiment shown in the top and cross-sectional side 
views of FIGS. 3 and 4, the case 10’ is fabricated from 
either a suitable insulating material such as beryllium 
oxide or conductive material such as copper. 55 
A layer 30 is bonded to the case 10', and is fabricated 

from an electrically insulating material such as beryl 
lium oxide or alumina. The top surface of the layer 30 is 
metallized with metallic layer 30A. An FET die 12’ 
comprises a drain region 12A’ at the lower surface of 60 
the die which is soldered to metallization substrate layer 
12D’. The substrate layer 12D’ is in turn soldered to the 
metallized top surface of the layer 30. The substrate 
12D’ is metallized to provide ultra-low resistivity; alter 
natively the substrate may be solder coated. 65 
The electrical connection to the source bump 

contacts 12B’ is made in a similar manner to that de 
scribed above with respect to the embodiment of FIGS. 

4 
1 and 2, except that when the case 10’ is nonconductive, 
the feedthrough conductive pins 16’ do not require a 
separate insulator 16B; the pins 16' are ?tted in bores 
formed through a side wall of the case 10’. Thus, a strap 
14' is soldered to the tabs 12F’ on the FET die 12’, and 
to the pins 16’. An external circuit connection may then 
be made by soldering a conductor (not shown) to the 
strap 17’. 
The drain connection for the embodiment of FIGS. 3 

and 4 is made by soldering a gold-plated copper strap 34 
to the metallized surface of layer 30 and also to feed 
through conductive pin 32. An external drain connec 
tion (not shown) may be made by soldering a conductor 
to the exposed surface of the pin 32 outside of the case 
10'. 

In the embodiment of FIGS. 3 and 4, the source and 
drain connections are indicated generally by reference 
numeral 35, and the high temperature solder connection 
to pin 16A’ by reference numeral 36, as in the embodi 
ment of FIGS. 1 and 2. 
The gate connection to the gate region 126’ is made 

by the wire bond 20’ to the feedthrough conductive pin 
26’ in the same manner as described above with respect 
to the embodiment of FIGS. 1 and 2. 
FIG. 5 is a cross-sectional view of a third embodi 

ment of a synchronous recti?er circuit embodying the 
invention. This embodiment is another “isolated case” 
circuit, and is similar to that shown in FIGS. 3 and 4 
except that the case 110 is fabricated from a suitable 
insulating material such as beryllium oxide, and the 
conductive feedthrough pins therefore do not require 
separate insulators 16B’ and 32B as shown in FIG. 4. 
A fourth embodiment of a synchronous recti?er cir 

cuit employing the invention is depicted in FIG. 6. This 
embodiment is of a “hot case” synchronous recti?er 
circuit employing a plurality of FET devices 12" ar 
ranged in two rows along facing sides of the case 10". 
The means for interconnection to the source regions of 
the FET device 12 of FIGS. 1 and 2 is replicated in the 
embodiment of FIG. 6 for each of the FET devices 12". 
Thus, each bump contact 12F" for a particular FET 
device 12" is soldered to the corresponding source strap 
14" for the FET devices 12". Each FET device 12” is 
provided with a corresponding pair of source feed 
through connectors 16". The sources of the FET de 
vices 12" in each row are connected in parallel by a 
gold-plated copper strap 19", which is soldered to the 
upper surfaces of respective pins 16A" on the interior of 
the case 10". The straps 14" for the respective FET 
devices 12" in each row are in turn soldered to the 
upper surface of the strap 19". The strap 17" is soldered 
to the upper surface of each connector 16"; an external 
source connection (not shown) to the circuit may be 
made by soldering conductors to the straps 17" along 
the exterior of each side of the case. 
The connections to the gate regions of each FET 

device 12" are made by conventional wire bonds 20” 
and 22". With the FET devices 12" connected in paral 
lel, conventional resistive gate networks comprising 
thick or thin ?lm resistors deposited on insulating sub 
strates 24” are typically employed to prevent circuit 
oscillations. The resistor networks electrically couple 
the respective wire bonds 20" and 22". The wire bonds 
22" are bonded to conductors 40" carried on insulator 
strips (not visible in the top view of FIG. 5). The con 
ductor 40" for each row of FET devices 12" is con 
nected by respective wire bonds 43" to gate feed 
through connectors 45". The external gate connections 
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to the synchronous recti?er circuit may be made by 
connecting a conductor (not shown) to the connectors 
45". 
For the exemplary “hot case” embodiment of FIG. 5, 

the external drain connection to the FETs is preferably 
made by soldering a conductor (not shown) directly to 
the case 10". 
A technique has been disclosed for packaging ex 

tremely low RDS ON power FETs in a synchronous 
recti?er circuit without introducing signi?cant lead 
resistance. Circuit packages employing the invention 
have improved ef?ciency over circuit packages em 
ploying conventional wire bond interconnections for 
high current paths. 

It is understood that the above-described embodi 
ments are merely illustrative of some of the many possi 
ble speci?c embodiments which represent principles of 
the present invention. Numerous and varied other ar 
rangements can readily be devised in accordance with 
these principles by those skilled in the art without de 
parting from the spirit and scope of the invention. 
What is claimed is: 
1. A synchronous recti?er device comprising: 
an electrically conductive case; 
at least one power transistor having a drain region, a 

source region and a gate region; 
an electrically conductive substrate layer applied to 

said transistor in electrical contact with said drain 
region thereof, said substrate soldered to an interior 
surface of said case to secure said transistor to said 
case and form a low resistance electrical connec 
tion between said drain region and said case; 

means for forming an electrical interconnection to 
said gate region of said transistor; and 

means for forming a low resistance electrical connec 
tion to said source region of said transistor for 
carrying high current levels, said means compris 
mg: 
(i) one or more solderable contact bumps extending 
from an exposed surface of said transistors in 
electrical contact with said source region; 

(ii) an electrically conductive member having ?rst 
and second ends, said member passed through 
and electrically isolated from said case so that 
said ?rst end is disposed within the interior of 
said case proximate to said transistor; and 

(iii) a pliable, electrically conductive strap having 
?rst and second ends, said ?rst end soldered to 
said contact bumps and said second end soldered 
to said ?rst end of said conductive member. 

2. The device of claim 1 wherein said conductive 
strap is a gold-plated copper strap. 

3. The device of claim 1 wherein said bump contacts 
are adapted to elevate said ?rst end of said strap above 
said exposed surface to avoid contact with said surface. 

4. A synchronous recti?er device comprising: 
a case member; 
at least one power ?eld effect transistor having a 

drain region, a source region, and a gate region; 
a layer of electrically conductive material secured to 
an interior surface of said case; 

an electrically conductive substrate applied to said 
transistor in electrical contact with said drain re 
gion thereof, said substrate being soldered to said 
layer of conductive material; 

means for forming a low resistance electrical connec 
tion to said layer of electrically conductive mate 
rial and for carrying high current levels; 
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6 
means for forming an electrical connection to said 

gate region of said transistor for carrying transistor 
control signals; and 

means for forming a low resistance electrical connec 
tion to said source region for carrying high current 
levels, said means comprising: 
(i) one or more solderable contact bumps extending 
from an exposed surface of said transistor in 
electrical contact with said source region; 

(ii) a ?rst electrically conductive member having 
?rst and second ends, said member passed 
through said case so that said ?rst end is disposed 
within the interior of said case proximate to said 
transistor; and 

(iii) a ?rst pliable, electrically conductive strap 
having ?rst and second ends, said ?rst end 
soldered to said contact bumps and said second 
end soldered to said ?rst end of said conductive 
member. 

_ 5. The device of claim 4 wherein said means for form 
ing a low resistance electrical connection to said layer 
of electrically conductive material comprises: 

(i) a second electrically conductive member having 
?rst and second ends, said member passed through 
said case so that said ?rst end is disposed within the 
interior of said case proximate to said transistor; 
and 

(ii) a second pliable, electrically conductive strap 
having ?rst and second ends, said ?rst end soldered 
to said layer of conductive material and said second 
end soldered to said ?rst end of said second con 
ductive member. 

6. The device of claim 4 wherein said case member is 
fabricated from an electrically insulative material. 

7. A power handling semiconductor device compris 
ing: 
an electrically conductive case; 
at least one power transistor having a drain region, a 

source region and a gate region; 
an electrically conductive substrate layer coupled to 

said transistor in electrical contact with said drain 
region thereof, said substrate layer being soldered 
mechanically and electrically coupled to an inte 
rior surface of said case to secure said transistor to 
said case and form a low resistance electrical con-’ 
nection between said drain region and said case; 

means for forming an electrical interconnection to 
said gate region of said transistor; and 

means for forming a-low resistance electrical connec= 
tion to said source region of said transistor for 
carrying high current levels, said means compris 
mg: 
(i) one or more solderable contact bumps extending 
from an exposed surface of said transistors in 
electrical contact with said source region; 

(ii) an electronically conductive member having 
?rst and second ends, said member passed 
through and electrically isolated from said case 
so that said ?rst end is disposed within the inte 
rior of said case proximate to said transistor; and 

’ (iii) a pliable, electrically conductive strap having 
?rst and second ends, said ?rst end soldered to 
said contact bumps and said second end soldered 
to said ?rst end of said conductive member. 

8. The device of claim 7 wherein said conductive 
strap is a gold-plated copper strap. 
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9. The device of claim 7 wherein said bump contacts 
are adapted to elevate said ?rst end of said strap above 
said exposed surface to avoid contact with said surface. 

10. A power handling semiconductor device com 
prising: 

a case member; 
at least one power ?eld effect transistor having a 

drain region, a source region9 and a gate region; 
a layer of electrically conductive material secured to 
an interior surface of said case; 

an electrically conductive substrate applied to said 
transistor in electrical contact with said drain re 
gion thereof, said substrate being soldered to said 
layer of conductive material; 

means for forming a low resistance electrical connec 
tion to said layer of electrically conductive mate 
rial and for carrying high current levels; 

means for forming an electrical connection to said 
gate region of said transistor for carrying transistor 
control signals; and 

means for forming a low resistance electrical connec 
tion to said source region for carrying high current 
levels, said means comprising: 
(i) one or more solderable contact bumps extending 
from an exposed surface of said transistor in 
electrical contact with said source region; 
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8 
(ii) a ?rst electrically conductive member having 

?rst and second ends, said member passed 
through said case so that said ?rst end is disposed 
within the interior of said case proximate to said 
transistor; and 

(iii) a ?rst pliable, electrically conductive strap 
having ?rst and second ends, said ?rst end 
soldered to said contact bumps and said second 
end soldered to said ?rst end of said conductive 
member, 

11. The device of claim 10 wherein said means for 
forming a low resistance electrical connection to said 
layer of electrically conductive material comprises: 

(i) a second electrically conductive member having 
?rst and second ends, said member passed through 
said case so that said ?rst end is disposed within the 
interior of said case proximate to said electrically 
conductive material; and 

(ii) a second pliable, electrically conductive strap 
having first and second ends, said ?rst end soldered 
to said layer of conductive material and said second 
end soldered to said ?rst end of said second con 
ductive member. ’ 

12. The device of claim 10 wherein said case member 
is fabricated from an electrically insulative material. 

* i *1 I‘ i 


